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(57) Abstract: A semiconductor device having a high withstand voltage and a high reliability is provided by forming a gate insu- 
OO lating film having excellent film uniformity in a trench. An HTO is formed by low pressure CVD method on a trench inner wall of 
a Si substrate, and then a thermal oxide film is formed on an interface between the HTO and the Si substrate by thermal oxidation 
process (samples A and C). Thus, film thinning is locally suppressed, and a gate insulating film having excellent film uniformity and 
a low interface state density can be formed in the trench. A lifetime can be remarkably lengthened compared with a sample (sample 
B) wherein a gate insulating film is formed of only a thermal oxide film, and the trench gate structure semiconductor device having 
jj^ a high quality and a high reliability without withstand voltage deterioration can be provided. 
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m m * 

[oooi] ^mm^mi^mm^mm^mimum^mi^mm^hu^icr^xmm 
Steffi 

[0002] m4nzfu~^#~hw&<D¥&ftmu<DWr&m<D—m^ibz> 0 

~<D®4^i-^2||#:^gra\ V^^3$tMMISFET (Metal Insulator 
Semiconductor Field Effect Transistor) T?fc5 0 ^(DMISFET100ta3\ p"^^^f$ 

p §y ^<—xmm i o 2 ft ttfcp + My-^j^ 1 04<hn + M y-^^^ 1 0 5 _h K 

[0003] ^(Z)MISFET100-e«, pM^<— ^J^102i:n + §UKWy®^103COrHl^n"M*!£ 

[0004] MISFETlOOte, ^< , y— *ffl$ (fg^Ll) , ^^/VW^u (0«^L2) , & 
^VM*fcV^te#^$S<^?P (LI +L2 + L3 + L4) -C$fe*5 0 -©f>W^tV 

[0005] u^L&^ib. ^v^^^)ffiWff^^Eis#^. ftffiicitttfcgsKw^ia^©*-^ 

/^t°yf^WL, IfStBJEliM/- K^-y^H^^feofco 

[0006] 3E*reH\ ifcgsKW^fg^^frS^^h^^aj^ic^Lr^a 

SlRl-h^iif£ElR]-hSrl^NF^II^i"5TLPM (Trench Lateral Power MISFET)t>JS^ 
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[0007] 0tl<Dg|S#®rffilII~C&5o 
3tJ§l205/Wj&$;hX^ 

M&Zfrx&y, '(DHi(DB^207^LTy— ^*ffi208^^$^-rv^ o y 

— ^mm208U, M/>'^•202(Dig§|5^^V^T, p^^— ^Jti$204ft t^J&^fc 

[0008] hl/y^§P^^|^<p"M^#:*«201(D^B^{i, ^2<D^H210^^$tb 
T*d«9, hl/y^^(-^bf'Hl(D|fe&jjl207{i, i(D^2(D|fe^jll210_h^^ 

-eMt^-c^^tL-cv^o Kw^m*2ii^, r.^e>^i, M2<Dimimm207, 210 
[0009] z<D£?t£hi'^y—hmm&}&&irzz.bfr£v. v^>^y£Kmmm&*i&m 

[0010] S-fc, 06^hw^y-h«5t(D#^#:^g(DSijo^J(D|fP^BIrB0T*fe6o 

i(D g| 6 t^i-MISFET300« N ^^f*S«30 1 _h f^t^df ^/Wic^r K <£o 
T^$^m#llfPf«302, m^fP^^302^S^^mM»-<-^fgi^3 
03, m#ll^PfM^302^^|— (DitS^y- ^i^304^^L-CV^§ o -^bT, y— 
^^304^J:tJ«^-^^303^MMbm^fPfJ«302(DrtfR^^jti-Sj; 
5^^$tL^h^y^305(DrtffiJ^^-h^»ll306^bT^-hm«307« 
£)c£tir0^ 0 ^-h««307O±§P^^jgr H H6^308^^$^ 

[0011] i(Dj:5^hi/y^^-h*3t®#^ N _h?EH?)$l, h^y^^^y^^ofc 
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[0012] b^.sx\ ±mm^&mir%MisFET%mfrbir%&M¥mfcmm(D^—bmm 

J^J3\ ^.Kf&&4kfe J $4k^Wfcf$.-M: (Chemical Vapor Deposition, CV~D)&;fc£X) 

&m^xft?jrm<Dm\ mmimbcvr>m^m^^xn^mmhmm^ti 

[0013] mfr&trttxftvjjmbLxn, m%.&. ^v— ^m^mfomn&m&fcmu m 
mikmzcvv&n?fo%\<^cvvmzmkik&fty^bi££v, ^tfrsticvD 
m<D m \mm4km&j&f$.L-xmu± icy— bmmm^mmi-^m^mm^x 

)o 

#f^mi:#lfl0S62-21637O^^(^2H, #10) 

#ff^Cm2:#IB¥6-140627^|g(^#^- [0012] -[0013], [0018], 03 
) 

#f^Cm3 : #IS2001-85686^|B (J^#^- [0010] — [001 1] , ®1) 
[0014] hI/^^-h*it»,^V-^-h«^h^-K^^o^^^^^» 
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[0015] 07tebW^^#(D^^ 

o 

TWtf, %:tlK%^Xm%<D& W^<t£Z>tz.V), V>o-t5®*^5o 
[0016] ^J^j¥^'(Dj;5^#<^o^^#b-Cv^^^g-e«, WjfW-W 

o 

[0017] *fc, mmk&ft<>i£&&te.\z. ^<Dt%<DfcmBMiz&m\^^m}&tjfc£z>m 
m^^^^y^>^xv^>^\Hmm\\hfitdo\^x\^ 0 u$>u yv^^tv^- 

[0018] *mmfe^<D£??j;mzm^X?j:£tltch<DXfo<9, hu^ft KWkW-(D&j— tt^ 



WO 2005/101518 5 PCT/JP2005/003731 

[0019] *mW?te±mmM%M&:irZ>tiM^ hi^^y— M*3t3r^3¥^#3&g 
[0020] r©«t5*¥^3Se©«3g^fei!:J:*btf, £i\ ^ifrlKoM-^rtldc 

[0021] *»Wei4, bW>-^y-hfflf5g^i-5^^Mo$Si5t^^*3V>T, 

[0022] z<D£5te¥&fc&m<ow&j?mzi:ti&. bis^vftmccvDmizzixm 

[0023] ##W©¥^#S©©3«£#8:tt, hlfii&BISr 
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[0024] *mmcD_tmte xnm^ s wwttex um^M^mmcomb^x0^\ ^mm 

[0025] [01] hl/^y— hi^^^/KD ^m»DDB#tt(D|f ftlg^-efe^o 
[g|2]7V— hfy^0gt^TDDB#tt©fffi^-e$)5 o 

[g|5]TLPM(D— ^(J(D§^»f®H-efeSo 

[El6]hv^^-h«^(D^^g(DSiJ^^^$is^iffBEl-e^o 
[07]hv^^^(D^#:s«»^t:L^^^-^^m^irffili|-efc5o 

[0026] j^t, *mw<DMM<Dtei&&mm^mi>xmmz.mm'rz 0 

[0027] Mos^/^y? (DM&Xit, ^-rsmu±^^y^^xh^^^^, sim 

^ 3Sf^-^i£ (Local Oxidation of Silicon, LOCOS) ^ftttftt^o ^.(Dt^Y^>^-\±, 
[0028] #Cl v? % ^nn^7^ (SiH CI ) »^b^3?f (N O) &WMJf*tirZ>m)±CVT) 

2 2 2 

feKXoXmU^kfi^ (High Temperature Oxide, HTO) ^H/¥l3nm-e?F^c1-3 0 

Oml/min(0°C, 101. 3kPa) £75ml/min(0°C, 101. 3kPa) bV(&<T, 
#TW^O^SWiA^rsccmJ^fBi- 0 h ^^Uit^800 o C, J±t)&60P a b~t% 

o 
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[0029] S??m*^lsbmStfl& : £<D&L&tt l tt:l:5~l:0. 3@g<£>j£V ^MX»J^X2b 
[0030] ^-Ctt, h^^Ki^riiT0^13nm<DmmX-M^.U ^(om^mst^m^n 

[0031] #CV^ !l&&^K::fcV^?a^800 , C, /^ni?i^s/^#HM^tliftI 

2 2 

iM^ftffiLt, mm^mn.xmiooo^xm^^u&xio^m^ 
u 7*hvy?97^&m^£<>x^-hmm&ftm-rz>o mmmmm<D^ 

A) 0 i<£>£# x MOS^/v^©^" hffi^teO. 25mm 2 ^S 0 
[0032] ^(Z)J;5i-LThV^^-h«^(DMOS^^N^^^b7chl/^-y-h 
i^->^y'°/V(i^V7°/VA)(D^fl;^TDDB(Time Dependent Dielectric Breakdown) # 

[0033] ^5b\ ^Wit^fctf), smm<DW<>^\Z.mm\:®MbT /Vt&W&ft o 
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[0034] El 1 fShW^y— h^>-7°/KD^m^TDDB#14(DfPtt^-efe§ 0 

i/?i)m$LiStlX\^h<F>%m\ ^h^mM^&O. lA/cm\ ^-Ml^T* 

[0035] BllJ:<9, m^P$*F^50%t3l/^^t(D^bllf^m#Qbd^50%Qbd^i-§ 

#f y^VA, B, C(D50%Qbd{»(D^l^i-i:5^^o 
[0036] [^1] 



(hto ( 1 3nm) Bm.-+mmt ■ 


50%Qbd (C/cm 2 ) 
4. 54 


(&®Hb) 


0. 48 


(HTO ( 1 0nm) J&J&^iigHb ■ T--;U^JI) 


1. 43 



jwf-H&mmommmmiti 7nm) 



[0037] ^>-y/VAl:1i50%Qbd^4. 54C/ / cm 2 -Cfe^C0^L 

, iJ-^ o /VB-e{*0. 48C/cm\ fy^Ctttl. 43C/cm 2 i:&5o 

[0038] Hlff lOnmOHTOM^m^l^^b^S^T^— /H&S&ffoT^— Mfeli 

[0039] m^tm<D^^m<Dm^ ^mmm^mm (Dit) ^faf-m^^oi >xtfc 
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2 

2 

/VD, E, F, G(D^b|f(D*H|f rr-Ctel7nm£L-CV^ 0 
[0040] ZLtltb<D&-y-l/7°;W, E, F, G^oV>TCV$lJ^J;9#^3#ffiW^jS(eV 

/cm 2 ) te#:<DS?2^-r i5^^§o 
[0041] [^2] 



( V^P □ V7>MEECVD) 


#®>£te^J£Dit (eV/cm 2 ) 
3. 3X10" 




2. 6X10 11 


(^yv^>Mi±cvD) 


6. 6X10 11 




2. 5X10 11 



[0042] ^<D:il2^LfcJ;5^ i^^°/VD(D#ffi^5L^S^3. 3 x 10 n eV/cm 2 -e&>3 
(Di^U m^bl^^?f^Lfci?-^ 0 /VE(D|?-ffi2p{iL^S«2. 6X lO'eV/cm'i: 

2 

[0043] i^-^°/VF(D#B2p{i^S^6. 6 X 10 1 W/cm 2 -e&§<D^*fU WMit 

m^M^tl^-^;VG(D^.mmWMm-±2. 5X10 n eV/cmV£!), HTOdJi 
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[0044] z.(D-bfrh, m&cviim^HToztemi,tcmzmm4mm&ft^x?—bmm 

%b\^Z.b&X%Z> 0 

[0045] 7^K^mm^m^-hmmm<Dm^KR^irmmK^^xmm'r^ 0 

[0046] ^-eJBV^:7V— ^-y— M^://W3\ _hfE(Df-^7VA(D^^&^|ll#(D^ 

jfrmjz.^-? vw, 3nm(DHTo?f^^ icmmwmbr^—^m^n^ 

oT?f^Lfci^-^ 0 /^K^fflv^-c^«^5^tTDDB#tt^:a^To-cv^?, 0 Jfe*5. 

/vj, Kx-n^mmrmmbtez ^uTonm^mmi^nmr^m^x^ ^ 

o 

[0047] 02(4^- ^-y— h^>^°/KD^m^TDDB#tt(Dfftt^^:-efe§ 0 

OSrfflV\ ^hl^^m^SO. lA/cm 2 , y-b^/M7^0^fr-eM^Tot 

m2£<9, ^>-^;vu, i, j, K(D50%Qbd«^^3^i-J:5t3:^o 

[0048] [^3] 
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mm.it) 


50%Qbd (C/cm 2 ) 
28. 8 




7. 3 


(HTO ( 1 3nm) JBjfc— f&BHb ■ T--;UfflS) 


17. 4 


(HTO ( 1 0nm) »J*-»*ftSMb ■ 7—— ^WES) 


17. 4 



[0049] ro^3^LfcJ;5 fc, by-i^swrnG^ Itft^StT^-;^ 

(28. 8C/cm 2 ) , ^-h^»J^(D#^^^ft<^ 0 HTOO^^ 
— h^^^?f^b^^/W(D50%Qbd{*igV^^(7. 3C/cm 2 ) , UTO^fh 

[0050] z.<dx? \zsio /smmiz.mm4tm&]&&.irzb, ^©#BWs^{iTbT 

2 

[0051] HTo^si>fM-c«^$^y-h«5igd^^ov vera, tn^^—r^-hm 
[0052] ^.(D-tt^ huis^—hnitoM&ia^ smmtimto^fttt-m-xmmik&n 
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—-era, ^.(Dm^±^<^ir^h(Dtmm^ti^o 
[0053] Lfc^o-c. hw^-m&v^mfcmm&m&rzi&etiz.^ uro(Dmm 

-m^<^rdnm^m^^-hmmm^nmi-^t^x^ 0 
[oo54] ^-hmmm^uTotmmitmx^ir^m^^n^m^coi^mitK 
-D\^x$m~fz> 0 

±m<Dmsic^L,fc^\c, ^th^x^u—^-^f—hm^m^iat, hto©^ 

Z>o hW^y— hm^m^at, iik<Dm4fc^rt£yK, HTocDmm^- 

mw.^rti-^m^x^-mmm(Dm^m<^x^Kmwh^o 

[0055] [^4] 



HTOfamm (%) 


HTOjjgJ! (nm) 


50%Qbd (C/cm 2 ) 


95 


16 


4. 23 


76 


13 


4. 54 


59 


10 


1. 43 


41 


7 


0. 65 


0 


0 


0. 48 



(7-bmmm<D$Lmmmi£-\ 7nm) 



[0056] ^^H^Ubt? fc, HTO^^bi^(Dy-h^j^(Dft^J?^i7nm-efe 
HTO^|f^i3nm(#:^*76%)(D^^^50%Qbd«*^r^<(4. 54C/ 
cm 2 ), Hi?16nm(#:W95%)^^^50%Qbd^^T-r^i5^^(4. 2 
3C/cm 2 ) 0 jgt^ lJ|10nm(#:i*59%), 7nm(M*41%), Onm(#:i*0 
o/ 0 ) tm<ir& (ffiMm&m'PZ'&Z) 50%Qbdfc$c4>1-5J;5lOfe5 (^lll. 
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43C/cm\ 0. 65C/cm\ 0. 48C/cm 2 ) 0 

[0057] ^.(Dxwm^ mmistc£5fmmm?mm4kfimm^±c%^<Db^bti% 

[0058] m4£<9, h^M<D^^i?^17nm^Lfc#^. HTOfiJHJ¥lOnm(M 
^59%) ^_h-e^-r5^tf5M*LV\> Mfti&JR©#*Sri»lft^ 

[0059] &*3, r^Tii^— h^J^(D*^J¥^i7nm-efe^^^oV>T^-<fc^, - 

mmmmi-zm&x&oxh, mm^m^mmxmm^m^n^b^x 
[0060] m^., mmkf&m&xTfT^— frjnm\zL-^>\^xnmirz> 0 

§ 0 ^-e, ±M<D%)8oox:x<DmmikWm, ^ *^iooo < c-eio^w 

(DT^—^m^n^tcb^^HTo^commm&^x^mm&^siMsi 

Secondary Ion Mass Spectroscopy) \^.X<3X^-&\^fc 0 
[0061] iSOfffcfiiCoV vttt. HTO^^jlL^-e«2 X 10 2 1 /crnXho tKDK 
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^o^afcstcov v-tra, HTo^a:^-e^2x io 2 Vcm 3 -efeofc<»^L, r. 
[0062] ^(Dj;5i-^^3a*5j;t^T^— /mm^t5^-c, ^Tfteift^^ya-ese*^ 

[0063] &*3 % hl/^y— M»5t(D^#:^(DMit^^^*5V>-C, T^— 

&i&)&ir%^kh»smxib% 0 ^tiK^xh-^m^h^yyinmmm-i^^t 
fe"imxfo% 0 *fc. T^—/vnm^±m(D^Kmooo o cxhtiu-t^Km^ 
nhti, ^x^85o°c^±xhnam^7Kmmmi&m^^^xmm^M^n^ 
t&x^% 0 

[0064] ^-hmmm(D^m^xmm\mm^r^^^^xmmi-^o 

(/^n^m^^^MJ^) &nmir%s<4vi?~^y?m4km&m^^xft?z.bmi-$. 

[0065] *i\ ^-mmm(Dmm^wmKm\^h^^—hm^<DMos^^<^(D 
nmjfmK^^xmmir^ 0 

i-i, 50nm— 150nm(D$5H^Lfc o 
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[0066] &v vc% himm&&j$?rzitito . ^T^^^^tmm^mm^mm-^ 

[0067] ~(D&ot£?fc1§l/^Vii/^^y?mk\Z.£.<9, ^*«5fe^ff^^TV^HT0^^1fe 

ui?^~y?mik (mum^<4^ i?~~>y?mt) -e«, i-e^?f^$tt-cv ^hto 

[0068] ^^n^c=^&>ffc<£|&fci\ ^ftff;*^5!!f£rfflV\ *<D%mt&sUvV 
*=y^BI^#ffl^^*ti^*^JE^^^x^rt©^^j^UTO. 03-0 
. 10©«Sffl©Jt*(7k^£EJt*)^««t5l2i-t-5„ ^D^^a^oS^ 

[0069] r(Di:5^-v ? ^l2CIv/9^^M^b^^^fflV^TJ^/¥80nm(DHTO^?f^ 

utm&izLii, Tkftfc&mo. 09, ?as^jiooo°c, ls^ra^^ia^^^n^^ 
v?mk*ft5z.bte&*). mmmmioonm<Dy*-hmmm&nz>z.t&x^% 0 tat, 
mmzmm90nm<DHTo&&)&L,fcm-&ia^ Tkftfcttmo. 03. n&mooox: 

[0070] rr-eti, ^latiR/^ov'x^i/MftotftM^ iooo°c \cut.m^ 
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[0072] f-^°7VM^(Di:b^(Dfcfe, Si^(DMx>-^^#^^b<D?U^1000 o C 

mm^fcu n&^iooo 0 cx^m^mn t XT^—/vmm&ft^fc^zf/vN^ h 

oonmw-bmmm&Kmu mmm iooo°cxmmmmn l xT^-/^m^n 

[0073] ^P,0t^M, N, O, P^oV>T«, ^;Tl^;ft80^<DMOS^-^^£ffl 
#U h^/WT^cD^fr^TZDBtTime Zero Dielectric Breakdown) #ttfitlfc 

bfrl%&y-^7°/^M, N, O, P©80ffi©MOS^Mr^>'^©5p*&ft'JEE(V)*5J:rWS' 
[0074] [^5] 
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(V) 

-80 


WJ±-60V)aT (%) 
0 




-75 


7. 3 


( HTO (80nm) »fiR-H£;fl/ W □ vx ~ ^ggfb ) 


-77 


0 


(HTO(100nm)fl£j5jc) 


-70 


1.9 i 



i&v-yzf jwf-mmmnmnmmti oonm) 



[0075] ^5i«9, ^f^^ftJEEfcoV^fS, hl/^^^Mj£CVD&-eH/¥80nm(DHTO 
if^7°/VOC0-77V. f"^7 P /VN(D-75V, ^>-7°/VPC0-70Vi:V 

[0076] ^i5^¥Wii^^^/vM-e^i«<^as^bT^, smgi^ 

ftcag^soot^fiia/^n^x^^^ti^ffo-c^-h^gi^Mtfcfy 
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